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Abstract 
In this work digital image correlation method is used to study the spatio-temporal strain localization under uniaxial compression 
of granite samples and uniaxial tension of sylvinite specimens. These experiments showed that the sylvinite tension process 
realized as two consistently following forms of the spatio-temporal localization: a system of equidistant stationary foci of 
localized strain and a single stationary localized dissipative structure. Transition from one localization form to another occurs in 
the vicinity of the stress maximum. Under uniaxial granite compression the deformation process realizes as consistently 
propagating waves of localized strain on the specimen surface.  It is shown that the velocity of the localized strain wave at 6-7 
orders of magnitude smaller than the characteristic velocity of the elastic wave propagation in these materials and depends on the 
magnitude of an applied stress. At the final stage of deformation localized strain waves "gather" to the site of the main crack 
future exit on the lateral surface of the sample.  
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1. Introduction 
Despite the big accumulated experience of a geomechanical safe mining, one of the most important and basic 
problem is the determination of deformation and failure mechanisms of rocks under different modes and loading 
schemes. Relevance of these studies is provided by increasing negative geomechanical processes demonstrations 
which often lead to disastrous consequences. 
Geomechanical stability estimation of stopes and development headings in the different rocks extraction is based 
on laboratory results of the rocks mechanical properties determination under uniaxial compression and tension. 
Earlier, in [Zuev et al. 2012], it has been shown that plastic flow of some rocks under quasistatic compression 
throughout deformation process up to fracture occur localized. Macrolocalization forms are defined by the strain 
hardening laws acting on the corresponding stages of process. It could be observed only a single zone of localized 
deformation, which moves on a sample surface at a velocity of 10-5 m/s order (at strain rate 6 10-5 s-1) on the sylvinite 
specimen. This single deformation wave corresponds to linear stage of strain hardening. For other stages of strain 
flow under sylvinite compression localization form registration cannot be implemented because of cracking and rock 
delamination from lateral faces. Strain localization in the form of slow deformation waves is established for a 
number of quasiductile rocks. It has been unknown hitherto in which form the deformation process proceeds for a 
quasibrittle rocks (eg granite). Particular question is whether there is strain localization in uniaxial tension of rocks. 
This work is devoted to investigation of spatial-temporal forms of macrolocalized deformation under quasistatic 
sylvinite tension and quasistatic granite compression throughout all deformation time up to main crack formation. 
Digital image correlation method (DIC) is used for reconstruction of displacement and strain fields on the specimen 
surface. This method is non-destructive and non-contact and is widely used now for investigation of strain 
localization processes and fracture of rocks, concretes and cement-based materials [Bhandari, Inoue J, 2005; Choi, 
Shah, 1997; Song et al. 2013].  The second method of non-destructive control which was used in this study is the 
acoustic emission method. This method allows to monitor the damage accumulation process during loading and to 
estimate the ratio of the defect characteristic sizes to characteristic distance between them. 
2. Experimental methods and materials 
Mechanical tests were performed on prismatic specimens with lateral size of 30×30 mm and height of 90 mm. 
The typical crystallite size of the main constituent minerals (halite and sylvite) was around 0.5 mm. The specimens 
were tested in an electro-mechanical testing machine having a capacity of 250 kN. For the implementation of direct 
tension a special reversing device allowing to convert compressive force into tension was used. This device with the 
prepared sample is shown on Figure 1. Experiments were performed at a room temperature. To eliminate the error 
associated with the sample bending in the reversing device, the measurement of the longitudinal (axial) strains was 
carried out on the sample surface with two cantilever sensors, which were placed symmetrically relative to the 
specimen center. Moving speed was 61 .6 10   m/s ( 52 1 0  s-1). To investigate a strain localization form under 
compression of quasibrittle rocks, there were carried out experiments on uniaxial quasistatic compression of granite 
specimens with a transverse dimension 50×50 mm and height 100 mm. The specimens were tested in an electro-
mechanical testing machine having a capacity of 5000 kN. Crosshead speed was 78 .3 10   m/s. 
Digital optical system LaVision Strain Master was used to track surface displacements, which were caused by the 
deformation of the samples. The processing algorithm of a video data stream is based on the digital image 
correlation method. This method allows us to recover the displacement and deformation evolution of the sample 
surface of different materials under different types of loading with a high precision. The mathematical algorithm of 
DIC method is presented for example in [Sutton et al. 1983].  The Strain Master System consists of digital camera, 
LED backlight, a synchronization system and a personal computer with special software. The digital camera has a 
resolution of 1600x1200 pixels and it is set in approximately 30 cm from the sample. Pixel in recorded images 
represents an approximately 7.4 m square on the specimen surface. Images are acquired with frequency ten frames 
per second. Displacement and strain fields were calculated for the surface area of the sample size of 54.5 mm by 29 
mm and surface area of granite specimens which has size 80 mm by 49 mm. 
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Fig. 1. The reverse device with the prepared sample. 
3. Results and discussion 
3.1. Uniaxial tension of sylvinite specimens 
The average value of the ultimate tensile strength was about 1 MPa. Data on the deformation distribution on the 
sample surfaces and acoustic emission activity were analyzed. Analysis of the distribution evolution of the strain 
tensor components on the sample lateral surface during sylvinite deformation showed that deformation occurs 
heterogeneously from the start of loading. Figure 2 shows the distribution of longitudinal strain on the surface of the 
deformable sample for different time points. Deformation heterogeneity appears as a system of equidistant localized 
deformation zones oriented towards the loading axis at an angle of 4Sr . Localized deformation zones form from 
the very beginning of a tension and in process of loading time remain stationary. It can be seen from the distribution 
of longitudinal strain that areas outside the localization zones are in the undeformed state. Inside the localization area 
the strain reaches a value of 0.5% with a total sample strain of 0.36%. The distribution of lateral strain on the 
sylvinite surface at a tension is also inhomogeneous, although the system of equidistant zones is not viewed so clear. 
Periodic location of localized deformation zones can be seen clearer on the dependence of the longitudinal strain 
versus time for the middle sample line. This dependence is shown in Figure 3. As can be seen from the figure, in 
localized areas, the deformation can be tension as well as compressive. This fact is nontrivial taking into account the 
fact that the tension load is applied to the sample on the macroscale. The spatial period of localized deformation 
zones is 13.6 mm. It was obtained from an analysis of the maximum strain locations that the strain in localized areas 
grew continuously and the strain maximum moved from area to area. The deformation process in the form of 
equidistant localized zones occurs until the moment when the stress in the sample reaches its maximum. In this 
moment there is a change of macrolocalization shape: the deformation process continues in one of the localization 
zones and ends by destruction, whereas in other areas, the deformation stops completely (see Fig. 3.). 
Thus, under quasi-static sylvinite tension the deformation process is implemented as a series of two consistently 
following forms of spatio-temporal localization: a system of equidistant stationary areas of localized deformation 
and a single stationary dissipative localized structure, deformation within which grows like an avalanche and ends by 
the macro-fracture. In contrast to earlier obtained results for a number of rocks, metals and alloys [Zuev et al. 2009, 
2012], realization of every macrolocalization form under sylvinite tension doesn’t determine by the corresponding 
stage of plastic flow curve but depends on the level of applied stress.  
 
2198   I. Panteleev et al. /  Procedia Materials Science  3 ( 2014 )  2195 – 2200 
Fig. 2. Maps of longitudinal strain on the specimen surface at different value of total deformation  (a – 0.06%, b – 0.12%, c – 0.21%, d – 0.36%). 
 
Fig. 3. Evolution of longitudinal strain for middle line of sample. 
3.2. Uniaxial compression of granite specimens 
An analysis of the data showed that homogeneous deformation process of the granite specimen takes place only 
on the first deformation stage (before strain reaches 0.02-0.03%). Next, deformation process realizes as a 
consistently propagating localized strain waves. In this case, there are localized transverse strain waves (the waves in 
which the material particles move in a direction perpendicular to the compression direction) and localized 
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deformation, whereas localized longitudinal strain waves appear starting with the applied stress level of 60-65% of 
damaging. Figure 4 presents transverse, longitudinal strain distributions and two components of displacement vector 
for a different time moments of an Isetsky granite deformation. 
 
Fig. 4. Evolution of distribution of strain tensor diagonal components and the component of displacement vector on the surface of granite sample 
at the different times (а – 314 s. ( 0 .5 strV ),  b – 447 s. ( 0 .71 strV ), c – 580 s ( 0 .92 srtV ); sr tV – compressive strength). 
We can identify some features of the strain localization process in the form of deformation waves from the 
presented distributions of the diagonal strain tensor components and displacement vector components on the granite 
specimen surface under uniaxial compression for a different time moments.   First, the strain localization wave is a 
front of a sharp displacement jump of a deformable sample surface (Fig. 4a). Secondly, the longitudinal and 
transverse localized strain waves are separated in the space.  Localized strain waves with a strongly pronounced 
transverse component don’t have a longitudinal component, and the waves with a strongly pronounced longitudinal 
component have weakly expressed transverse component (Fig. 4b.). Third, when a main crack begins to come to 
surface from the specimen volume, localized strain waves start to ‘gather’ to the place of its output on the surface 
(Fig. 4c). 
To study the localized strain waves propagation velocity on the sample surface there were chosen three localized 
transverse strain waves and one longitudinal. Propagation trajectories of each wave are presented in the Figure 5. 
Parameters of analyzed waves are presented in table 1.  
Table 1. The parameters of observed localized waves of longitudinal and transverse deformation. 
Type and number of wave time of propagation on the specimen surface 
propagation velocity at the beginning of  
the observation ,v1, m/s 
propagation velocity at the end of  the 
observation v2, m/s 
1xxH  117 – 223 s 9.34 10-4 4.48 10-4 
2x xH  263 – 365 s 2.42 10-4 2.3 10-4 
3x xH  328 – 518 s 3.19 10-4 – 
yyH  400 – 471 s 4.84 10-5 – 
 
It can be seen from the getting results that localized transverse strain waves propagation velocity decreases in 
three times in the deformation process, i.e. propagation velocity depends on the applied stress. And a separate wave 
can accelerate (wave 2x xH ) as well as slow (wave 1x xH ) during the motion. Localized longitudinal strain wave 
propagation velocity is less than an order of magnitude than the velocity of localized transverse strain wave (Fig.5.).  
 
 
(a) (b) (c) 
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Fig. 5. Positions of the localized deformation waves on the surface of the sample at the different times (for the transverse strain waves (a), and 
longitudinal strain wave (b)) (solid line - a linear approximation)). 
In absolute value localized strain wave velocity registered under quasistatic uniaxial compression of granite samples 
is smaller at 6-7 orders of magnitude than the characteristic velocity of elastic waves propagation in the material. 
4. Conclusions 
In this paper, digital image correlation method was used to analyze a surface deformation under uniaxial sylvinite 
tension and uniaxial granite compression. It is shown that deformation process localizes in space during loading time 
for both cases. There were found two forms of macrolocalization for uniaxial sylvinite tension: system of equidistant 
stationary centers of the localized deformation, single blow-up structure of the localized deformation. The transition 
from one form to another takes place in the vicinity of the stress maximum and is accompanied by a sharp decrease 
of the concentration parameter, which indicates the appearance of a main crack in the sample volume.  
For quasibrittle rock compression (granite) it is shown that deformation process proceeds homogeneously on the 
first stage only (before strain reaches 0.02-0.03%). Further, deformation process implements as consistently 
propagating localized strain waves on the surface of samples. There are observed localized transverse strain waves 
(waves in which material particles move in the direction perpendicular to the compression direction) as well as 
localized longitudinal strain waves. It is shown experimentally that localized strain wave velocity 6-7 orders of 
magnitude smaller than characteristic velocities of elastic waves propagation under uniaxial quasistatic granite 
compression. The velocity of localized strain wave propagation depends on the magnitude of the applied stress.  
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